Near-eld scanning optical microscopy is a technique providing images of structures with spatial resolution better than λ/2, which is undetectable in far-eld where the Abbe law of limiting resolution is critical. In parallel to the optical imaging, topography maps are also acquired.
Introduction
Signicant increase of microscope methods, based on a scanning probe, was noticed in recent three decades [17] .
One of them, next to atomic force microscopy (AFM [4] ), is near-eld scanning optical microscopy (NSOM [2, 7] ).
In both techniques, the measurements can be performed both in air and liquid environments in a noninvasive way.
When applied in studies of biological samples, this technique might bring new information, which, in many cases, cannot be obtained by other standard techniques [810] .
In research focused on properties of biological materials, the NSOM technique gives a possibility to detect structures with sizes below λ/2 that are not detectable in a far-eld where the Abbe criterion is preserved. In such a case, the NSOM microscope can be a very useful tool due to its high-resolution especially when combined with uorescent techniques. The latter one in conjunction with labeling methods could bring information about distribution of molecules of interest like, for example, surface receptors present in a cellular membrane [2, 11] . Moreover, the measurements of optical properties in liquid environments will give the opportunity to observe changes of living cells in their natural environment [12] .
Despite that, NSOM measurements in liquid environment are still not widely applied to biological objects [2, 1114] . This is due to a strong interaction of the * corresponding author; e-mail: jakub.rysz@uj.edu.pl scanning probe with the surface of the studied soft materials.
In this paper, we present the results of NSOM measurements carried out on xed cells taken in ambient and liquid conditions. The aim of the study was to evaluate changes of optical properties of biological samples during drying process. Dierences in cellular topography and morphology have been noticed between two cell lines from human bladder non-malignant (HCV29) and malignant (T24) cancers as well. The obtained NSOM images were compared with those recorded by AFM i.e. topography images.
Materials and methods

Cell lines
The studies were performed on two human cell lines: reference HCV29 (non-malignant transitional epithelial cells of the urether, ATCC) and T24 (transitional cell cancer of the urine bladder, ATCC). Cells were grown in culture asks (Saarstedt) in a RPMI 1640 medium (Sigma) supplemented with 10% foetal calf serum (Sigma, pH 7.4) and with 1% mixture of antibiotics (streptomycin, neomycin and penicillin, Sigma), at 37
• C in 95%air/5%CO 2 atmosphere. After few passages, cells were trypsinized using 0.05% in EDTAtrypsin solution (Sigma), transferred to the Petri dishes with a coverslip inside, and cultured until semiconuent layer was formed.
Afterwards, they were xed and dried when needed for NSOM measurements or left alive for AFM imaging. 
NSOM measurements
To overcome the diraction criterion that limits resolution of standard microscopy, so called far-eld microscopy, a light source should be brought very close to sample surface. When the distance between light source and studied surface is smaller than wavelength of incident light, the diraction limits do not occur. In this regime, so called near-eld, the resolution is limited by the size of the light source only. To achieve this a light from a laser is delivered into an optical ber. Other end of the ber is tempered to form a sharp tip with aperture ranging from tens to hundreds of nm. At the aperture with sub-wavelength diameter, usually from 50250 nm, an evanescent wave is generated next to the total internal reection of light. The evanescent wave can interact with the surface to reconstruct as a propagating wave that is detectable in the far-eld, delivering information about structures of a material placed in near-eld [15] .
To perform the NSOM experiment, a point light source should be brought close to the investigated surface and then a scan is performed. An optical signal coming from the surface is collected and detected over (reection) or below (transmission) the measured surface ( Fig. 1 ). The diagram of NSOM microscope is shown in Fig. 2 .
The topography and NSOM images were recorded using a commercially available device (MV1000, Nanonics), which is equipped with the liquid cell setup. The studies were performed in two modes: reection and transmission ones. Standard NSOM aperture probes (Nanonics)
were used with the aperture diameter of the 50 nm and 100 nm. As a light source, a green laser with wavelength of 532 nm and power of 20 mW (produced by Lambda--Pro) was employed. Typical scan of 256 × 256 points was performed. This corresponds to square of 50 µm × where light is detected above the sample. Distance between the tip and the surface is controlled by a feedback mechanism similar to that used in non--contact AFM experiments. In this mode, the NSOM probe oscillates at a certain frequency close to the resonant one, which is usually in the range 50150 kHz.
Since the resonant frequency is a frequency where the probe has a tendency to oscillate with the largest amplitudes, any changes in the tipsurface distance will cause both shifts of the frequency value and reduction of the amplitude. The signal of the modied amplitude is sent to feedback system, which uses it to adjust the distance between tip and the investigated surface. In parallel, the same changes in amplitude signal are a basis for obtaining the topography image of the sample (similarly as in the AFM system).
A liquid cell setup allows to perform measurements in a liquid environment. Sample is mounted inside the bath. To control the tip position, two mirror setups are used (Fig. 3 ).
AFM measurements
The topography of sample surface was recorded using commercially available atomic force microscope Agilent 5500. Measurements were carried out in liquid en- The horizontal line visible both in topography and phase image is an artifact caused by a small particle adhered temporarily to the tip.
NSOM imaging in air
First, the NSOM experiments were carried out for dried cells in ambient conditions. To do that, after xation of cells with 3.7% paraformaldehyde, a drying protocol has been applied according to protocol described in Sect. 2. Such prepared samples were measured using two modes of NSOM operation: transmission and reection.
Depending on the type of imaged cells either transmission or reection mode was chosen. The HCV29 cells showed better images in reection while T24 ones in transmission. The T24 cells recorded in transmission mode show the local increase of the optical density (Fig. 7b) . By comparing it with the topography image (Fig. 7a) , one can point out that the localization of the denser biological material like nucleus is possible. To study the correlation between the sample height and NSOM signal, proles along the selected line were obtained (Fig. 7c) . For T24 cells, the decrease of the NSOM signal was accompanied by the increase of the measured height. This can be explained by the fact that in transmission mode, the thicker sample transmits less light that can be collected by the photomultiplier due to the higher probability of the reection and deection of incident light.
The interaction between the probe and measured surface is well controlled so the stability of these types of measurements is good. The problem is that for many biological materials, especially living cells, the ambient conditions are not the natural ones. The drying procedure removes water from inside of the cell, which changes the structure of membrane and also inuences strongly on internal organization of cellular components. Therefore as a next step, the NSOM imaging was performed in liquid conditions.
NSOM imaging in liquid
To elaborate the capability of NSOM imaging in liquid conditions, the HCV29 and T24 cells were examined. In liquid, the interaction between the measured surface and the tip end is much harder to control due to the strong dependence of the amplitude of the oscillating probe on the distance between the tip and the surface. It manifests in the fact that the choice of the frequency is much different from the resonant one. This is leading to incorrect feedback control resulting in both bad quality of the images and large error (at the limit, this can cause crashing probe and the damage of the sample). To determine the frequency of the tip oscillations suitable for imaging, the tip should oscillate within certain range of frequencies. 
